建筑直流供电及蓄电与智能微网整合研究 by 王福林 et al.
20 ∣ 建设科技
研 究 探 讨
建设科技
CONSTRUCTION SCIENCE AND TECHNOLOGY
2019 年 9 月下
总第 392 期
建筑直流供电及蓄电与智能微网整合研究 *
王福林 1   王晓辉 2  孟超 3  罗多 4 李雨桐 5 郝斌 5
(1. 清华大学室内空气质量评价与控制北京市重点实验室，北京  100084；2. 北京建筑大学电信学院，北京  







[ 关键词 ]  直流供电 ; 蓄电 ; 智能微网 ; 移峰填谷 ; 可再生能源 ; 优化 ; 仿真
* 国家重点研发计划项目“净零能耗建筑关键技术研究与示范”
（项目编号：2016YFE0102300）
DC power supply and electricity storage in buildings and its 
integration with smart micro-grid
Wang  Fulin1,  Wang  Xiaohui2, Meng Chao3, Luo Duo4, Li Yutong5, Hao Bin5   
(1.Beijing Key Laboratory of Indoor Air Quality Evaluation and Control, Tsinghua University, Beijing, China;2.School of 
electricity and Communication, Beijing University of Architecture and Civil Engineering, Beijing, China;3.School of Energy, 
Xiamen University, Xiamen, China;4.Zhuhai Singyes Green Buildings Technology Co. Ltd, Zhuhai, China;5Shenzhen Institute 
of Building Research Co, Ltd., Shenzhen, China)
Abstract:Compared with AC power, the DC power has the advantages of high power supply efficiency, low line loss, high 
reliability, etc. Further, DC power is more convenient to connect with PV power generation and batteries without needing DC/
AC inverter loss and hardware cost. The DC power supply and electricity storage can also achieve electricity demand shift, 
which can benefit much to the grid by decreasing required capacity and investment cost, reduce the period of partial load 
operation and so that improve the grid efficient. Therefore, DC power and electricity storage and its integration with smart 
grid will be development trend of building energy system. This paper discusses the optimal design and optimal operation 
strategies of the DC power supply and electricity storage in buildings. Experiment and simulation comparison between the DC 
power supply and AC power supply are conduct. The demonstration of the DC power supply and electricity storage system in 
a building is introduced as well to prove its advantages.
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随着中国城镇化的发展，建筑电力消耗在全国总电
耗中的占比逐年攀升，2017 年北京的建筑总耗电量已
经达到城市总电耗的 33% [1]。 建筑用电的最大问题是
存在较大的用电峰谷差，如图 1 所示，在北京某住宅区
实测的用电负荷曲线显示，用电高峰时的耗电量达到用




如需求侧管理 [3-4]、建筑灵活用能 [5-7]、智能电网 [8]、储












图 1   北京某住宅区的实测用电负荷曲线
Fig. 1    Measured electric load curves at a residential 
community in Beijing











Qrated ≥maxd maxt SOC d ,t( )−mint SOC d ,t( )( )   （1）
SOC t( ) ≈ SOC 0( )+η
0
t
∫ Pset − P ξ( )⎡⎣ ⎤⎦dξ          （2）




∫ P t( )dt
T
（3）
P(t) = Pload (t)− Pgen (t)（4）
式中：
Qrated：蓄电池容量，kWh






图 2   某案例建筑的蓄电池容量优化设计结果
Fig. 2   Optimal design results of battery capacities of a case 
study building

























图 3   某案例建筑的典型日三种运行策略的用电功率曲线
Fig. 3   Gird power use curve of three different operation 
strategies at a typical day of the case study buildings 
















1kM 左右的线损率不会超过 0.1%，母线长度 2kM 的线
损率不会超过 0.2%，单级母线电压在 375-400V 之间的
线损率差别较小，储能装置的加入不会对线损率有大的
影响。
图 4   直流微电网结构图
Fig. 4   Topology of the DC micro-grid
图 5   直流微电网系统仿真模型
Fig. 5   Simulation model of the DC micro-grid






如图 6 所示。光伏发电单元通过单向 DC/DC 变换器连
接至直流母线，市电电网通过双向 AC/DC 变换器连接
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图 8   示范建筑效果图
Fig. 8   Image photo of the demonstration building
图 9   示范建筑直流供电系统拓扑图
Fig.9   Topology of the DC power system of the 
demonstration building
图 10   示范建筑蓄电池容量的优化设计










况下，台式机电脑 DC 供电的情况下用电功率比 AC 供
电时低 7%，耗电量低 11%。
图 6   直交流混合微电网系统
Fig.6    The micro-grid system of the DC-AC hybrid mi-
cro-grid
图 7   台式机电脑交直流供电对比实验结果
Fig. 7    Experimental comparison results of the power 
consumption of desktop computer supplied with AC and DC 
power
















费分别减少 43% 和 57%。
图 11   示范建筑不同运行策略的电费对比
Fig. 11   Electricity cost comparison of different operation 
strategies of the demonstration building
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